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In the last two years, it has been seen that experimental data [1] agreed very well
with the Weinberg-Salam (W-S) [2] model, the SU(2) × U(1) gauge theory of weak and
electromagnetic interactions.
Fundamental fermions (point-like spin 1/2 leptons and quarks) are assumed to interact
as left-handed weak isodoublets while the charged leptons and quarks are interacting as
right-handed weak isosinglets in successive generations :
(νe e)L, (νµ µ)L, (ντ τ)L . . . ; eR, µR, τR . . . .
(u d′)L, (c s
′)L, (t b
′)L . . . ;ur, cr, tr, . . . , d
′
r, s
′
r, b
′
r . . . .
Neutrinos have no right-handed weak isosinglets and are therefore massless. The primes
indicate the Cabbibo type intergenerations mixing [3] of quark types. Electromagnetic
interactions are mediated by the photon γ and weak interactions are assumed to be me-
diated by three massive intermediate vector bosons W±, Z◦. In order that the theory be
renormalizable, [4] fermions and intermediate vector bosons are believed to be massive via
the Higgs mechanism [5].
By measuring the electric charge e, in Coulomb scattering, the Fermi coupling constant,
GF , in µ-decay and the ratio of the elastic νµe and νµe cross sections, it is possible to de-
termine the gauge coupling g, the charged intermediate vector boson mass, Mw, and the
Weinberg angle θW .
Furthermore comparison between charged and neutral current experiments allows to
measure the parameter ρ =
M2w
M2z cos
2 θW
.
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The result is ρ = 1.004 ± 0.018 [6] close to 1 ρ = 1 is obtained in the W-S model because
the SU(2) × U(1) symmetry is broken by an SU(2) doublet of Higgs scalars [7].
The model has other free parameters [3] ; the fundamental fermion masses, mj , the Higgs
mass, Mψ, Cabbibo like angles and CP-violation phases. Because the model is renorma-
lisable [4], radiative corrections can be computed and this allows, in some cases, to put
limits on heavy fundamental fermion masses [8] and on Higgs boson mass [9].
Interactions between fermions, gauge bosons and Higgs boson fields develop correc-
tions to the fermion masses, functions of the mass of the corresponding fields but this
radiative corrections generally cannot be calculated because of ultraviolet divergencies
[10].
Forty years, ago, Stueckelberg [11] conjectured that a classical electron could have a
finite selfenergie if, in addition to the electromagnetic interactions, there is a new type of
interaction with the same strength as the electromagnetic one. In the present paper, we
apply this idea to the W-S model with one SU(2) doublet of Higgs scalars.
Previous attempts have been done to find if the Stueckelberg’s conjecture could be
implemented in the frame of Q.E.D. and weak intermediate vector boson models. In view
of cancellation of logarithmic divergences of electromagnetic self mass, were only conside-
red logarithmic divergences of the weak selfmasses. Taking in account just charged weak
currents, Terazawa [12] was the first to notice that due to the presence of γ5 matrix in the
lepton weak boson coupling it was possible to have a negative sign between the logarithmic
weak and electromagnetic divergencies. In Ref. [13] the same idea has been applied to the
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Glashow model [14] and the logarithmic divergence cancellation occures if
sin2 θW = 0.214 (1)
in good agreement with present data.
Let us now look to the W-S model. All diagrams in Fig. (1) contribute to the lepton
selfmass at the lowest order. One can easily check that the selfmass is independent of gauge
as expected for an observable quantity. If we perform the computation in ξ gauges, [15]
quadratic divergent part of fermion selfmasses is developped by tadpoles only (Fig. (1b)).
Cancellation may be possible because fermion loops have opposite sign to boson loops. All
diagrams in Fig. (1a) and Fig. (1b) contribute to the logarithmic divergencies and again
cancellation in possible.
We impose that radiative corrections to leptons should be finite (only leptons and
not quarks because up to now, they are the only free fundamental particles observed in
nature). First of all, we note that neutrinos are massless at any order in the W-S model.
For charged leptons we are going to show that the divergence cancellation will occur if
there is at least one fermion heavier than the charged weak boson W+. Furthermore, if
there is one quark heavier thanW+, we will show that (1) it is the only one, to be identified
with t, the partner of the b quark, and (2) all leptons are much lighter than W+. The t
quark is then predicted, with sin2 θW = 0.22 to be either mt = 85 Gev or mt = 100 Gev
and correspondingly, the Higgs boson mass to be either Mψ = 90 Gev or Mψ = 140 Gev.
We now derive our results. Charged lepton ℓ selfmass, has contributions : (1) δm
(a)
ℓ
3
from its self interactions with the photon γ the weak bosons, W+, W−, Z−, the Higgs
scalar ψ and the unphysical scalars, s±, χ, (Figs (1a)) and (2) δm
(b)
ℓ from tadpole – loops of
W+,W−, Z◦, s+, s−, ψ, χ, leptons, coloured quarks and ghosts φ+, φ− and φZ (Fig. (1b)).
The lowest order lepton selfmass can now be computed [16] and their divergencies are
given by
∆mℓ = ∆m
(a)
ℓ +∆m
(b)
ℓ (2)
for ℓ 6= ν, with
∆m
(a)
ℓ =
e2
64π2
{
6 sec2 θW −
1
2
ξ−1z sec
2 θW cosec
2θW
−ξ−1W consec
2θW +O
(
m2e
M2W
)}
mℓ ℓnλ
2 (3)
and
∆m
(b)
ℓ =
e2
64π2
{
−
[
3(2 + sec2 θW )x
−1 + 3− 4x−1y
]
.
cosec2θW mℓ
λ2
M2W
+
[
3
2
x− 4x−1z+
3(2 + sec4 θW )x
−1 +
1
2
ξ−1z sec
2 θW + ξ
−1
W
]
cosec2θW mℓ ℓnλ
2 (4)
λ is the common cutoff and we defined
x =
M2ψ
M2W
; y =
∑
j
(
mj
MW
)2
; z =
∑
j
(
mj
MW
)4
(5)
where j indicates the summation on all charged leptons and all quark flavours and colours,
ξW and ξZ are the gauge parameters [15] associated with W
± and Z◦ respectively.
Radiative corrections to lepton masses will be finite if the coefficients multiplying λ2 and
ℓnλ2 in Eq. (2) are zero (i.e. if ∆mℓ = 0)
λ2 : x+ 2 + sec2 θW −
4
3
y = 0 (6)
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ℓnλ2 :
1
2
x2 + 2xtg2θW + 2 + sec
4 θW −
4
3
z = 0 (7)
where we have neglected terms of order (me/MW )
2. With the experimental value of
sin2 θW , we note [17] that z > y subtracting Eq. (6) from Eq. (7). From the definition
of y and z, we deduce that there exists at least one fundamental fermion with a higher
mass than the one ofW±. Assuming this fermion to be quark [18], y and z may be parame-
trized in the following way. Define t =
(
mq
MW
)2
, with q, the quark heavier thanMW (t > 1).
Then
y ≡ 3(t+ ǫ) (8)
z ≡ 3(t2 + ǫ′) (9)
with the factor 3 from colour,
ǫ ≡
1
3
∑
j 6=q
(
mj
MW
)2
(10)
ǫ′ ≡
1
3
∑
j 6=q
(
mj
MW
)4
(11)
Eliminating x between Eqs (6) and (7), one gets
t2 − t(4− sec2 θW − 4ǫ) + 2ǫ
2 − ǫ′ − ǫ(4− sec2 θW ) + 2−
1
8
sec4 θW = 0 (12)
By definition of ǫ and ǫ′, we have ǫ2 > ǫ′ and from Eq. (12) : we can write the inequality.
t2 − t(4− sec2 θW − 4ǫ) + ǫ
2 − ǫ(4− sec2 θW ) + 2−
1
8
sec4 θW < 0 (13)
This inequality implies that its discriminant ∆ is positive and that t is between the two
roots :
∆2 ≡ 12ǫ2 − 4(4 − sec2 θW )ǫ+ 8 +
3
2
sec4 θW − 8 sec
2 θW > 0 (14)
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if
ǫ <
1
6
(4− sec2 θW − δ) (15)
ǫ >
1
6
(4− sec2 θW + δ) (16)
with
δ2 = 16 sec2 θW − 8−
7
2
sec4 θW > 0 (17)
Then
1
2
(4− sec2 θW − 4ǫ−∆) < t <
1
2
(4− sec2 θW − 4ǫ+∆) (18)
Eqs (16) and (18) together imply [19] that t < 1 in contradiction with what has been
assumed. Then the only solutions of ǫ are given by Eq. (15). Because of ǫ ≥ 0, we have
to assume sin2 θW < 0.25 to fulfill Eq. (15). Experimentally sin
2 θW > 0.20. This means
that ǫ < 0.032. But by definition, ǫ < 1/3 indicates that there is no other fermion except
q heavier than the weak boson W+. Experimentally [20] it seems to be no t quark below
15 Gev. So if there is a quark with a mass between 15 Gev and MW , ǫ > 0.036. To have
a fourth quark generation, we therefore need ǫ > 0.072 in contradiction with our result
ǫ < 0.032.
Thus we must identify q, the heavy quark with the b partner. t, the top quark.
With all known quarks ǫ ≈ 0.004 and we may neglect ǫ2, ǫ′ in Eq. (12) and we get
t = 2−
1
2
sec2 θW − 2ǫ±
1
2
[
8(1− sec2 θW ) +
3
2
sec4 θW − 4ǫ(4− sec
2 θW )
]1/2
(19)
x = 6− 3 sec2 θW − 4ǫ±
[
8(1 − sec2 θW ) +
3
2
sec4 θW − 4ǫ(4− sec
2 θW )
]1/2
(20)
Choosing sin2 θW = 0.22 we obtain
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mt = 85 Gev and Mψ = 90 Gev,
or
mt = 100 Gev and Mψ = 140 Gev.
It is interesting to note that the result of Ref. [13] given in Eq. (1), is obtained if we
impose, in Eq. (2) ∆m
(a)
ℓ = 0 and ∆m
(b)
ℓ = 0 separately in the ’t Hooft gauge (i.e. ξW = 1
and ξZ = 1). This is compatible with the assumption made in this paper, i.e. ∆mℓ = 0
(which is independent of the ξ gauge).
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Figure Caption.
Fig. 1. Feynman diagrams for the lepton selfmass in the Weinberg-Salam-Gim model.
(a) B ≡ γ, Z0,W+,W− (gauge fields) ; s+, s−, χ (unphysical scalars) ; ψ (Higgs scalar)
(b) C ≡W+,W−, Z0, s+, s−, χ, ψ;φ+, φ−, φZ (ghosts) ; fj (charged leptons and coloured
quarks).
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